Combined chemoradiotherapy with and without surgery are widely accepted alternatives for the curative treatment of patients with locally advanced esophageal cancer. The value of adding surgery to chemotherapy and radiotherapy is unknown.
INTRODUCTION
The prognosis of patients with esophageal cancer remains poor, with long-term survival rates below 15% in the Western countries. 1 This is particularly true for a high-risk group of patients with localized esophageal carcinoma who can be identified after radical surgery. Patients with stage T3 or T4, lymph node-positive, squamous cell carcinomas (SCC) do particularly worse.
2 A phase III trial from the United States (Radiation Therapy Oncology Group trial 85-01) 3 indicated that adding chemotherapy to radiotherapy is superior to radiotherapy alone in resectable SCC, making chemoradiotherapy to be a standard of care in the United States. This was confirmed by a recent Cochrane Review. 4 Preoperative treatment has been investigated in esophageal cancer for years, mostly in resectable tumors. Results with preoperative chemotherapy were conflicting. [5] [6] [7] [8] [9] On the basis of two meta-analyses, preoperative chemoradiotherapy followed by surgery seems to show a significant advantage for the combined treatment regarding local tumor control and survival at the cost of increased postoperative mortality. 10, 11 However, this is mainly based on studies in adenocarcinomas. Nevertheless, preoperative chemoradiotherapy is a widely accepted standard treatment in locally advanced SCC in Europe.
Thus, it seems meaningful to prospectively compare chemoradiotherapy with and without surgery in esophageal cancer. On the basis of a phase II trial of our group in high-risk patients with SCC, 12 we proceeded to a phase III trial to investigate whether surgery adds to prognosis in these patients. The hypothesis was that optimized chemoradiotherapy may offer equivalent survival with less treatment-related mortality.
PATIENTS AND METHODS

Eligibility Criteria
Untreated patients up to 70 years old with histologically proven SCC of the upper and mid third of the esophagus qualified for the study. Further eligibility criteria were locally advanced disease (eg, T3-4, N0-1, M0) according to computed tomography (CT) scan and endoscopic ultrasound (EUS); good general condition (WHO performance status grade of 0 to 1); normal liver, renal, and bone marrow function (bilirubin Ͻ 1.5 mg/dL, cholinesterase Ͼ 2000 U/L, total protein Ͼ 6 g/L, creatinine clearance Ͼ 60 mL/min, leukocytes Ͼ 4.0 ϫ 10 9 /L, and thrombocytes Ͼ 150 ϫ 10 9 /L); and written informed consent. Patients with infiltration of the tracheobronchial tree were excluded. The trial was approved by the Ethics Committee of the University Clinics (Essen, Germany) .
Random Assignment
This was an unblinded, prospectively randomized phase III trial looking for equivalence of two treatment groups. After evaluation of the eligibility, patients were stratified according to five criteria (center, tumor and node stage, completeness of EUS, sex, and extent of weight loss within the last 8 weeks). Allocation to treatment groups was performed at the Institute for Medical Informatics, Biometry and Epidemiology, University Clinics Essen, using a computerized randomization program.
Definition of Tumor Response
All x-rays of barium swallow and CT scans from the patients of this trial were reviewed by the Department of Diagnostic Radiology of the University Clinic of Tübingen (Tübingen, Germany) to independently assess the tumor response after induction chemotherapy and after chemoradiotherapy. Response criteria were as follows: complete remission was defined as no dysphagia, normal barium esophagogram and esophagoscopy, and normal CT scan; and partial remission was defined as improvement of dysphagia to a maximum grade of 1, greater than 50% tumor regression evaluated by CT, and greater than 50% reduction of intraesophageal tumor extension as assessed by barium swallow.
Treatment
Induction chemotherapy. Treatment in arm A consisted of induction chemotherapy with three courses of bolus fluorouracil, leucovorin, etoposide, and cisplatin on days 1 to 3 every 3 weeks. This was followed by concomitant chemoradiotherapy with cisplatin and etoposide (days 2 to 8) and 40 Gy of irradiation (Fig 1) . Three to 4 weeks after the end of irradiation, transthoracic esophagectomy was performed. Tumor specimens were carefully analyzed according to the pathologic tumor-node-metastasis system (International Union Against Cancer, 1992 13 ). Treatment of arm B consisted of the same induction chemotherapy and the same combined chemoradiotherapy up to 40 Gy. Afterwards, the radiation dose was increased to at least 65 Gy (Fig 1) . During the first year of the study, granulocyte colony-stimulating factor (5 g/kg subcutaneously on days 5 to 10) was used during each cycle of chemotherapy to reduce neutropenic infections. Because the extent and duration of neutropenia did not differ from that in a previous phase II trial, its application was no longer recommended.
Radiotherapy in arm B. The clinical target volume of first order (CTV I) contained the gross tumor with craniocaudal margins of at least 2 cm and transversal margins of 1 cm. The clinical target volume of second order (CTV II) contained additional margins of suspected subclinical disease adjacent to the CTV I, with an extension of 3 cm in the oral and aboral directions and of 1 cm in the transversal directions. The supra-and infraclavicular and the lower cervical lymph nodes were also included into the CTV II for carcinomas of the upper thoracic esophagus. The planning target volume contained the CTV and additional craniocaudal and lateral margins of usually 0.5 cm for consideration of organ movements.
The CTV I and II were irradiated up to a total dose of 50 Gy, with 2 Gy per fraction five times per week. Anteroposterior, posteroanterior, and oblique fields were used after three-dimensional treatment planning. Above 50 Gy, the CTV I received a boost over reduced field. For T4 or obstructing T3 tumors, the CTV I received a total dose of 65 Gy in 6 weeks. During the last week, 15 Gy were administered with two daily fractions of 1.5 Gy at 6-hour intervals. For T3 tumors with no or traversable stenosis, the CTV I was treated to 60 Gy with conventional fractionation, followed by intracavitary brachytherapy (Fig 1) . Photon beams from a linear accelerator with an energy of 6 MeV or greater were used throughout this study.
Endoscopy was performed 5 to 7 days after the end of external-beam irradiation under x-ray control in the treatment room. A bougie applicator of 10 to 14 mm in diameter was placed into the esophagus. A dose of 4 Gy in 5-mm tissue depth from the surface of the applicator was administered to the preradiotherapy tumor length and a 5-mm oral and aboral margin. Two brachytherapy fractions were administered with a 4-to 7-day interval.
Radiotherapy in arm A. The CTV II, as described earlier, was treated to a total dose of 40 Gy, with 2 Gy per fraction and five fractions per week. Anteroposterior and posteroanterior fields were used.
Surgery. Before surgery, a second risk analysis was performed to ensure the medical operability of each patient. Resection of the esophagus and the proximal stomach was performed by a separated right thoracal and abdominal approach. Resection included excision of the paraesophageal, paracardial, left gastric, and celiac lymph nodes (two-field lymphadenectomy). The resected esophagus was usually replaced by the stomach, with a cervical esophagogastric anastomosis.
Follow-Up
Patients were seen for the first follow-up 8 to 12 weeks after the end of treatment and, thereafter, every 3 months up to 2 years. Afterwards, follow-up was planned every 6 months up to 5 years.
Statistical Analysis and Sample Size
Inferential analysis was designed as a two-step adaptive scheme.
14 The primary end point was overall survival. The alternative hypothesis was equivalence between treatment groups assessed by the one-sided log-rank test according to Wellek, 15 with a minimum acceptable difference in survivor functions between arm B and arm A of ␦ ϭ Ϫ0.15. Explorative analyses incorporate Kaplan-Meier analysis, log-rank test for difference or equivalence between treatment groups, Cox proportional hazard regression, and binomial proportions. All analyses were performed according to intention to treat. Where appropriate, estimates are given with their 95% CI.
From the literature and our own data, 12 we estimated a 2-year survival rate of approximately 35% in arm A and Ն 20% in arm B, resulting in 2 ϫ 100 patients necessary to accept or decline equivalence at a power of 80% and a one-sided significance level of ␣ ϭ .05. The interim analysis of the first 119 eligible, randomized patients in the adaptive scheme 14 showed that, for the log-rank test for equivalence 15 of overall survival, a total of 175 patients had to be allocated.
RESULTS
Patients
From June 1994 until May 2002, 189 patients from 11 German centers were registered (Fig 2) . Five centers included less than 10 patients. After assessment of eligibility, five patients proved to be ineligible (metastatic disease, n ϭ 4; second malignancy, n ϭ 1). Twelve patients refused randomization. Thus, 86 randomized patients each were assigned to either chemoradiotherapy and surgery (arm A) or chemoradiotherapy without surgery (arm B). Because randomization was stratified by several prognostic factors (see Patients and Methods, Random Assignment), patient characteristics were well balanced between the two treatment groups (Table 1) . One patient (arm B) was not treated because of poor performance status.
Induction Chemotherapy
Overall, 136 of 171 patients treated with chemotherapy (80%) received three cycles. Most of those patients treated with one or two cycles only prematurely changed to chemoradiotherapy because of treatment failure, following the study protocol. Details of chemotherapy were available for 166 patients. The most relevant reasons for grade 3 and 4 adverse events (according to National Cancer Institute Common Toxicity Criteria) were neutropenia (30% and 14% of patients, respectively), thrombocytopenia (17% and 12%, respectively), anemia (9.5% and 0.5%, respectively), infection (4.5% and 2.5%, respectively), anorexia (6.5% and 1%, respectively), vomiting (4.5% and 0%, respectively), and diarrhea (2.5% and 1%, respectively). Data on tumor response, which were prepared by extramural review, were available for 131 patients; 44 of these patients (33.5%) showed objective response to induction chemotherapy (arm A, 37%; arm B, 30.5%), and 87 patients were classified as nonresponders, with 17% showing tumor progression during chemotherapy.
Chemoradiation
After chemotherapy, 71 patients in arm A and 77 patients in arm B proceeded to combined chemoradiotherapy. Hematologic toxicity was most pronounced, but no treatment-related death was observed during this course of treatment. In arm B, 68 (88%) of 77 patients received at least 60 Gy of radiotherapy (eg, 90% of the planned dose; 23 patients had additional endobrachytherapy to externalbeam radiation). Five patients underwent salvage surgery at individual decision because their tumors were unresponsive to chemoradiotherapy (n ϭ 4) or because of unacceptable toxicity of chemotherapy (n ϭ 1). Although three of these patients had a R0 resection, no patient survived for 2 years.
Results at Surgery
Sixty-two patients underwent surgery after chemotherapy (n ϭ 2) or chemotherapy followed by chemoradiotherapy (n ϭ 60), including five patients allocated to arm B. In arm A, 29 patients (34%) did not proceed to surgery. Most of these patients refused surgery after tumor response to chemoradiotherapy (n ϭ 7) or because of the occurrence of metastases (n ϭ 10). A complete tumor resection was possible in 51 patients (82%). Transthoracic esophagectomy with two-field lymphadenectomy was performed in 49 (89%) of 55 patients with resection, as recommended. Postoperative morbidity was high, with 70% of the patients developing at least one severe complication, which was most often infection (n ϭ 10) and anastomotic leakage (n ϭ 7). Pathohistologic data were available from all 51 patients with R0 resection. The mean number of examined lymph nodes was 12 (range, three to 36 nodes). No viable tumor was present in 18 specimens (35%), and tumor was detectable in the esophageal wall with tumor-free lymph nodes in 17 specimens (33%).
Treatment-Related Mortality
Two patients each in arms A and B died during induction chemotherapy because of neutropenic infection. No treatment-related death was observed during or within 30 days after chemoradiotherapy. Postoperative deaths occurred in seven of 62 patients who underwent surgery; all were allocated to arm A (in-hospital mortality rate, 11.3%). The primary causes of death were leakage of the esophagogastric anastomosis (n ϭ 3), pneumonia (n ϭ 2), injury of the left main bronchus (n ϭ 1), and cardiac failure (n ϭ 1). Another three patients died from late toxicities, including sepsis and gastrointestinal bleeding (arm A) and aplastic anemia (arm B). Thus, the overall treatment-related mortality was 11 (12.8%) of 86 patients in arm A and three (3.5%) of 85 patients in arm B ( 2 , P ϭ .03).
Survival
At the date of evaluation (August 31, 2003) , 132 (77%) of 172 patients had died (Fig 2) . Patients from arm A were less likely to die from cancer but had a significantly higher risk of treatment-related death compared with patients from arm B. The median observation time was 6 years (range, 1.4 to 9.3 years). Overall survival at 2 years ( Fig 3A) was equivalent between both treatment groups (arm A: 39.9%; 95% CI, 29.4% to 50.4%; arm B: 35.4%; 95% CI, 25.2% to 45.6%; log-rank test for equivalence with ␦ ϭ Ϫ0.15, P ϭ .007). This was also true for median survival (arm A, 16.4 months; arm B, 14.9 months) and survival at 3 years (arm A, 31.3%; arm B, 24.4%; P ϭ .02). Results did not change when excluding those patients with a cross over of the treatment arm from analysis (log-rank test for equivalence, P ϭ .045; Fig 3B) . Freedom from local progression (Fig 4) was better in the surgery group (2-year freedom from progression, 64.3%; 95% CI, 52.1% to 76.5%) than in the chemoradiotherapy group (2-year freedom from progression, 40.7%; 95% CI, 28.9% to 52.5%; hazard ratio [HR] for arm B v arm A, 2.1; 95% CI, 1.3 to 3.5; P ϭ .003). Several possible prognostic factors (age, sex, completeness of EUS, weight loss, stage, center, treatment group, and response to chemotherapy) were evaluated by Cox regression analysis combined with a backward factor elimination procedure. After excluding three centers, which contributed only one patient each, the analysis of the remaining patients proved tumor response to induction chemotherapy to be the single independent prognostic factor (HR, 0.30; 95% CI, 0.19 to 0.47; P Ͻ .0001). Patients with tumor response had a probability of surviving 3 years of more than 50%, regardless of the treatment group, whereas the outcome of nonresponders to chemotherapy was generally poor (arm A: median survival, 9.1 months; 3-year survival rate, 17.9%; arm B: median survival, 10.7 months; 3-year survival rate, 9.4%). In those nonresponders in whom R0 resection could be achieved after chemoradiotherapy, the chance of surviving 3 years increased to 32%. Treatment arm was not predictive for survival in the Cox model (arm B v arm A: HR, 1.2; 95% CI, 0.81 to 1.84).
DISCUSSION
Definitive chemoradiotherapy and chemoradiotherapy followed by surgery are well established in the curative treatment of patients with localized esophageal cancer. [3] [4] [5] [6] [7] [8] [9] [10] [11] However, no comparative data of these multimodal approaches have been published so far. From our trial, it seems that chemoradiotherapy alone offers equivalent survival to chemoradiotherapy followed by surgery with less treatment-related mortality in high-risk patients with esophageal carcinomas. The patient group in this study was extremely homogeneous because only patients with T3 and T4 tumors according to EUS and CT and only patients with squamous cell histology were eligible.
Both arms of the trial proved to be feasible, and despite its complexity, the adherence to the protocol was good. Sixty-six percent of the patients randomized to arm A underwent surgery. Similar to our phase II experience, 12 most of the patients who did not undergo operation revealed metastases during or refused surgery because of good clinical response after chemotherapy or chemoradiotherapy. Eighty-nine percent of the patients with resection had transthoracic esophagectomy with two-field lymphadenectomy, as recommended in the protocol, and resection was complete in 82% of the patients. Histopathologic results underlined the good quality of surgery, with a mean of 12 lymph nodes examined. The preoperative treatment proved to be active because one third of the resected specimen was free of tumor and another third of the patients had tumorfree lymph nodes at the time of surgery. This led to a local tumor control of 62% and a survival rate of 39% at 2 years in arm A, which is comparable to results of other studies that mostly included less advanced tumors. 16, 17 However, our results were achieved at the cost of an in-hospital mortality rate of 11.3%. Mortality dropped from 14.3% to 10.0% (two of 20 patients) during the last 3 years of the trial, which confirms the experience of participating centers compared with data of surveys from Europe 18 and the United States.
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Although one has to consider that only patients with advanced SCCs of the upper and mid esophagus were included, the number of 11 deaths related to treatment reflects an important issue hampering improved long-term survival in the surgery group. Adherence to treatment was also good in arm B. Eighty-eight percent of the patients completed the treatment with a radiation dose of at least 60 Gy. No toxic death was observed related to chemoradiotherapy. These results differ from those of other phase III trials investigating combined chemoradiotherapy, 3, 20 in which up to 10% of the patients died from toxicity during definitive chemoradiotherapy. The differences may be explained by the delivery of induction chemotherapy before chemoradiotherapy and because we omitted fluorouracil from the combined treatment. At 2 years, the local tumor control was 43%, and the rate of survival reached 35%. These data are well comparable with those of other published phase III trials, although the proportion of patients with locally advanced tumors was significantly lower in those trials ( Table 2 ). The goal of our trial was to optimize the conservative arm by increasing the dose of radiotherapy and, thereby, local efficacy. Although the dose-effect relationship of radiotherapy has not been proven by randomized trials in esophageal cancer, 20 the number of pathologic complete responses to chemoradiotherapy was significantly correlated with the dose of radiotherapy in a large retrospective analysis. 16, 21 Moreover, a Japanese Group found a dose-response relationship for tumors smaller than 5 cm in length using a brachytherapy boost. 22 We knew from our phase II experience that we could apply doses of approximately 60 Gy with low toxicity. So, brachytherapy was included into the concept of doseescalated radiotherapy because it seemed to be the preferred option of boosting the primary tumor to a dose greater than 60 Gy. Where brachytherapy was not useful (T4 tumors) or not feasible (obstructing tumors), the dose was escalated by external-beam radiation. From the design of our trial, we cannot conclude how this dose escalation may have contributed to the results. Tumor persistence and tumor progression within the radiation field were still the main cause of treatment failure (75% of the patients with progression) in the chemoradiotherapy group. However, in tumors responding to chemotherapy, the local failure rate at 2 years of 38% was impressively low.
In our trial, chemoradiotherapy resulted in equivalent survival with less toxicity and preserved the esophagus compared with chemoradiotherapy followed by surgery. Nevertheless, this does not mean that there is no role for surgery in the patients eligible for our trial. Surgery significantly increased local tumor control, and patients who underwent surgery had a lower chance of death from cancer. Moreover, the survival curves for overall survival seem to spread after 3 years (without reaching statistical significance). Thus, our trial raised the question of which patients may benefit from surgery. Data of a French multicenter study help to clarify this issue. 23 The investigators randomized patients with tumor response after chemoradiotherapy to surgery versus continued chemoradiotherapy. Survival data were identical between both groups, but mortality proved to be significantly lower without surgery. A subgroup analysis of the chemotherapy responders in our trial confirmed these results, with a survival rate at 3 years of 58% and 55% in arm A and B, respectively. From these results, it seems that tumor response to induction treatment may identify a group of patients with good prognosis, regardless of whether surgery will be performed or not. In these patients, surgery can no longer be recommended as routine treatment. On the other hand, our results with chemoradiotherapy in patients who we defined as nonresponders were poor, whereas surgery improved survival in these patients, particularly if a complete resection was achieved. Although this is based on a small patient group, our data lead to the hypothesis that surgery may play a role for salvage treatment in these patients. But this would have to be proven by a larger trial.
In conclusion, our data and those of the French investigators suggest that patients with advanced though localized SCC of the intrathoracic esophagus should be considered for an individual curative treatment adjusted from the response to induction therapy. In addition, future studies are necessary to increase the number of patients with tumor response and to investigate dose escalation of chemoradiotherapy, thereby reducing the risk of treatment failures in patients treated without surgery.
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